The agouti gene encodes agouti signalling protein (ASIP) which regulates pheomelanin and eumelanin synthesis in mammals.
Introduction
There are two major types of melanin pigment produced by mammalian pigmented cells: black/brown eumelanin or red/yellow pheomelanin. Both require the enzymatic oxidation of tyrosine to form dopaquinone. During pheomelanin synthesis, dopaquinone is produced at relatively low levels and becomes incorporated into sulfhydryl derivates. In contrast, eumelanin synthesis is associated with a high rate of dopaquinone production and subsequent enzymatic oxidation into indole derivates. Studies based on coat color mutations in mice have identified several genes that regulate whether melanocytes produce pheomelanin or eumelanin (Montoliu et al., 2011) . A focal point for pigment type switching is the Melanocortin 1 receptor (Mc1r), formerly known as Extention, which encodes a seven-transmembrane-domain receptor expressed by hair follicle melanocytes; gain-of-function Mc1r mutations cause exclusive production of eumelanin, whereas loss-of-function mutations cause exclusive production of pheomelanin. The Agouti gene encodes the ligand for the Mc1r and is a paracrine signalling molecule secreted by mesenchymal cells in dermal papillae. Agouti protein inhibits Mc1r function such that gain-of-function Agouti mutations cause exclusive production of pheomelanin, whereas loss-of-function mutations cause exclusive production of eumelanin. Other additional molecules are required for Agouti inhibition of Mc1r function, like Attractin (Atrn), which acts as an accessory receptor for Agouti protein, or Mahoganoid (Mgrn1), an intracellular protein with E3 ubiquitin ligase activity (Montoliou et al., 2011) . A preliminary characterization of full length agouti transcripts (i.e. including 5' and 3'UTRs beside the coding region) from skin biopsies of multi coloured population of Peruvian alpaca (Bathrachalam et al., 2010; Bathrachalam et al., 2011) and on exclusively the coding sequences of the same gene from genomic DNA isolated from blood samples of Australian alpaca population have been recently realised (Feely et al., 2011) . Genomic locus structure, transcripts and causative mutations of the gene are finally defined by Bathrachalam et al., 2013. In this study, we report the identification of mutations that probably affects eumelanin and pheomelanin synthesis from the black and brown native Peruvian alpaca. Brown and black alpacas were sampled from ILPA-Puno, Quimsachata Experimental Station, Instituto Nacional de Innovacion Agraria (INIA), Peru which is located 4300m above to the sea level.
Characterization of the agouti full length transcript and genomic locus
The combined transcript sequence obtained from total RNA purified from lateral skin of brown alpaca is 822 bp long (excluding poly A tail). It is composed of 402 bp open reading frame (ORF), a 196 bp 5'UTR and a 224 bp 3'UTR ( Fig.1 ). It encodes a putative 133 amino acid protein.
The amplification of genomic DNA using AF1/AR1 primers displayed a 3945 bp fragment (GenBank accession no: HQ645014), which contains three coding exons (2, 3 and 4), in addition to intronic sequences. The coding exons 2, 3 and 4 are separated by 1262 and 2281 bp intronic sequence, respectively. Each exon is flanked by consensus splice donor and acceptor sites, except for the exon 4, which has only a splice acceptor site (Fig.2) . 
Polymorphisms screening
Initially, we characterized the whole coding sequence of agouti cDNA in 35 multi colored (different shades from eumelanin to pheomelanin) Peruvian alpacas. In which, we observed 10 single point mutations, among those three were found to be silent mutations, four were missense mutations and three were observed in the 3'UTR (Bathrachalam et al., 2010) . The mutations observed in cDNA correlates only with eumelanic and pheomelanic traits in general and not with the individual coat color. Hence, we started to analyse the agouti from genomic DNA of brown and black. The sequence comparison (from ATG to TGA) revealed B. 64 th EAAP Annual meeting, 25-30 August, 2013, Nantes, France Symposium on South American Camelids and other Fibre Animals
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Theatre 8 in total 19 single nucleotide polymorphisms (SNPs) and one in-frame 57 bp deletion at the position g.3866-3923 in the exon-4 (cystine rich domain) ( Fig. 3 ). In which a synonymous SNP g.102G>A was observed in the exon-2, 6 SNPs (g.458T>C, g.589T>A, g.594G>A, g.681T>C, g.1000G>A, g.1158C>T and g.1179T>C) were observed in the intron-2, 5 SNPs (g.1571C>A, g.2375A>G, g.3208C>A, g.3278T>C and g.3292T>G) were observed in the intron-3 and 3 SNPs were observed in the exon-4 among those g.3835C>A was synonymous and g.3836C>T and g.3896G>A were observed to be non synonymous. Apart from these, mutations were also identified in the 3'UTR. Among those one was a transversion and two were transition mutations located at 10 (g.3955C>A), 38 (g.3983A>G) and 77 bp 
Functional analysis and molecular modelling
In silico functional analysis by PANTHER, cSNP of the p.R98C and p.R118H supports the putative functional role of these mutations (p.R98C, subSPEC = −3.67256; P deleterious = 0.66208 and p.R118H, subSPEC = −6.36458; P deleterious = 0.96658) and the fact was further evidenced by SNAP tool (p.R98C, non-neutral; RI, 3; EA, 78% and p.R118H, non-neutral; RI, 6; EA, 93%). These prediction suggests that the mutation at the position g.3896G>A may produce a non functional agouti and the g.3836C>T variant may produce agouti protein with minimal/partial activity. The protein sequences of alpaca agouti with mutation at the position C98 and agouti sequence (pdb structure 2kza) were submitted to CPHmodels 3.0 Server (Lund et al., 2002; Nielsen et al., 2010) . The phi, psi angles at this mutated position were checked using the software Ramachandran Plot 2.0 (http://dicsoft1.physics.iisc.ernet.in/rp/). There is not much difference in these torsion angles between the mutated and normal sequence and could possibly have less impact on the structure and function of the protein.
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Theatre 8 The quality of the model was further checked with WHATIF (Vriend, 1990) which reaffirmed the quality of the model obtained from CPH models server (Nielsen et al., 2010) . The original amino acid R97 in 2kza shows hydrogen bonding with C125 but the mutated residue at this position from the model shows simulated hydrogen bonding with two amino acids such as C125 and R126. Hence, the p.R98C variant seems to have minimal/partial effect on the functional property.
Association analysis of g.3836C>T, g.3896G>A and g.3866_3923del57 with phenotypes A coat color panel comprising 39 DNA samples from brown (12) and black (27) Peruvian alpacas were genotyped for g.3836C>T and g.3896G>A SNPs and g.3866_3923del57. Ten out of twelve brown animals were heterozygous to g.3836C>T, homozygous for the SNP g.3896G, two animals were homozygous to g.3836C and g.3866_3923del57 was not observed. In black animals we found 2 genetic background (i) black heterozygous to g.3866_3923del57 agouti allele and (ii) black homozygous to undeleted agouti allele. We further investigated this variation in the black individuals to get more insights, from that we identified the agouti allele without in-frame deletion present in the g.3866_3923del57 animals has (g.3836C and g.3896A) disrupted R-F-F motif. This condition supported that other allele observed in the g.3866_3923del57 (a ∆57bp ) black could be non functional. In other black which is homozygous to the undeleted agouti allele is heterozygous to both the SNPs (g.3836C>T and g.3896G>A). Further investigation with cloning experiment unveiled that one of the allele with g.3896G>A (a H ) seems to be non functional due to the R-F-F motif disruption. The other allele seems to have partial/minimal functionality; this situation could explain the two genetic backgrounds found in the black Peruvian alpaca population.
Discussion
In this paper, we report the mutations that affect coat color in native Peruvian alpaca population.
In agouti protein, cysteine-rich domain alone is sufficient for high-affinity binding and activity at the respective melanocortin receptors (MCRs) (McNulty et al., 2001; McNulty et al., 2005; Jackson et al., 2006; Patel et al., 2010) . The amino acid deletion/insertion/substitution in this region possibly results in significant functional alteration. In our population the identified polymorphisms/deletion at C-rich domain may have functional importance. The deletion at the position p.C109_Rdel19 eliminates the two βsheets and the R-F-F motif from the agouti functional domain, which are essential to play the antagonist role against α- MSH (McNulty et al., 2005) . Therefore, the deleted allele appears to preliminary report, the molecular modelling of alpaca agouti domain shows no appreciable change in the protein structure with p.R98C substitution (Bathrachalam et al., 2009 ). Further analysis with torsion angles did not show much difference between the mutated and normal sequence, hence this mutation could possibly have less impact on the structure and function of the protein. The above mentioned fact for p.R118H is further confirmed with the SNAP prediction (non-neutral) reliability index (6) and expected accuracy (93%); cSNP subSPEC (-6.36458) and P deleterious (0.96658). But for the other SNP R98C seems to maintain partial/minimal agouti function. Since the SNAP prediction (non-neutral) reliability index (3) and expected accuracy (78%); cSNP subSPEC (-3.67256) and P deleterious (0.66208).
In the brown phenotypes (A/a ht ) one allele (A) seems to be functional and the other (a ht ) seems to retain partial/minimal function, since they are heterozygous to p.R98C. This condition portray that the allelic partial dominance/haploinsufficiency could be the possible explanation for brown phenotype. On the other hand two genetic backgrounds are observed in the black phenotypes i.e. non-agouti black (high eumelanin) with deletion that includes the R-F-F disruption and the other observed black (low eumelanin) possibly due to partial dominance/ haploinsufficiency. We did not observe any homozygous animals for the non-agouti alleles in Peruvian alpaca population studied. Our cloning experiment clears that the mutations (p.R98C & p.R118H) in black phenotypes are alternatively arranged. The a hT allele in the black phenotypes possibly having the partial dominance/ haploinsufficiency effect on the eumelanin synthesis due to its minimal function. In the same way, the heterozygous condition of the mutation (p.R98C) observed in brown animals could have the same effect. Since, reddish brown animals are observed to have the wild type (A/A) alleles and the partial dominant mutation (a hT ) on reddish brown may lead to light reddish brown that can be often recognised or misidentified by the breeders/farmers as brown.
In conclusion, the characterization of the agouti gene provides a clear picture about eumelanic and pheomelanic genetic backgrounds and probable role in coat color phenotypic variation of alpaca. The identification of non-agouti mutation in alpaca represents an important step in the development of marker assisted breeding programme for coat colors.
